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CAUSED BY HINGE-AXIS DISTORTION
By 'dJohn V. Becker and Morton GOOper

SUMMARY '~ . I R

An investigation of elevators having three hinges -
has been made to evaluate the structural hinge-moment
increments resulting from changing the elevator angle: : R
when the hinge axis 1s distorted under load. An equa- I
tion is derived relating the structural hingde-moment. -
Increment to the elevator angle, to the structural '
stiffness factors of the elevator and stabilizer, and
to the amount of hinge-axis distortion. The analytical
results are compared with test data obtained for a full-
scale semispan fighter-type horizontal tall surface in
the Langley 16-foot high-sveed tunnel. It is shown that
the structural hinge-moment increments lncrease the con-
trol forces requlred to produce glven elevator deflections.
For large tall loads the structural hinge-moment incre-
ments are an appreciable fraction of .the total hinge T —
moment. )

IKTRODUCTION

During an investigation in the Langley 1l6-foot
high-speed tunnel of the. aerodynamic characteristics of
& full-scale semlspan fighter-type production horizontal
tail surface having three hinges, tests were made to
evaluate possible effects of frictlon at the hinges on
the accuracy of the hinge-mowment data. Although the )
friction effects were found to be .negliglble, a system-
atic varlation of hinge monent with elevator angle was
found to ocecur when the tall was deflected under statilec
load. This hinge moment was assoclated with distortion —
of the hinge axls and the resulting misalinemwent of the
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hingeﬂ When the olevAELAT angle was varied with the
hinges misalined, deforméiions of both the elevator and
the stabilizer ‘structure occurred. The application of
an appreciable structure]l hinge moment was required to
deflect the .elevator under: thesé conditions.

The purpose of this paper '1s to présént an analysis
that rermits the approximate calculation of the structural
hinge-moment incremepnts from.a: ‘knowledgd of .the structural
characteristics of the tail. The results of this analysis
are compared with the structural hinge-moment increments
measured on a full-scale tail.. In order to illustrate
the megnitude of the structurel hinge-moment increments,

& comparison 1s made of the corrected sercdynamic hinge-
moment coefficients with:the hinge-moment coefficients:
ﬁndicated in wlnd tunnel testd of the full-scale tail.

Altmough the present analysis refers specifically
to -horizontal tails,.1t mey be’ applied alsg to ving-
aileron and fin-rqdder combinatlons."

Coe T smmis- :
r . - i , ) ‘- . _i
H Alnge moment.‘ .T-p} P AR -
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Co root-mean-square of elevator ﬂhord behihd hinge S
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chordwlse stiffness factor of elevator measured
- at central hinge relative to end hinges, pounds
per inech,

chordwisé stiffness faetor of stabllizer measured
at centrsal hinge relative to end hinges, pounds
per.inch

E normal- to-ehord stiffness factor of elevator
measured at central hihge’ relative to end hinges,
‘pounds per inch

Sn normal-to-chord stiffneés factor of stabilizer
measured at centralhinge relative to end hinges,
pounds per inch

5 . angle of elevator chord with respect.to stabilizer'
; . chord (6 positive for tralling edge down)

dd ' 'perpendicular distance from central hinge to line
Jolning end hinges; elevator neutral. (6.= 0°)

4 perpendicular distance from_cenbmﬂ.hinge to line
joining. end hinges, elevator deflected
(6 # 09) "' T

g angle of rotation of central hinge about line
joining end hinges (fig. 1)

ANALYSIS
1 i I

When a horizontel tail surface is deflected by 1lift
loads, the hinge axlis 1s not a. straight line 1f more than
two hinges are used (fig. 1l). As the elevator angle is
changéd, the centrsl hinge tends to be rotated eccentri-
cally about a line through the end hinges. TIf the control
moment 1s assumed to be anplied~gt the inboard hinge, a
hinge moment is introduced at this point by the force
acting at the central hinge. This force is the sun of
the serodynamic load carried by the central hinge and
the structural force resulting frow resistance of the
central hinge to the deformation introduced when the
elevator is deflected. The hings-moment increment that
results from hinge-axis distortion thus consists of two
components, one fercdynamic end one structural. Because

the chordwl se. defnrmation of the hinge axis 1s ordinarily'_
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extiremely small, the hlinge-moment increment caused by the
serodynamic Jift on the elevator 1s usually negliglihbly
small: hence, only the hinge-moment lncrement arising
from the struetural forces 1s considered 1n the present
stuth : ' - -

- £ .

Iﬁ‘is essumed.that the basic vertical miselinsment

of the central hinge d, (fig. 1)} is known from calcula-

tion of the defléctlon curve of the tall for the 1ift
load condition belng investigsted. The total servdynamic
load used 1In calculating d, should of" coursé include
the load carried by the deflected elevator. The moments
of inertia used in evaluating d., however, should carre-

spond to the elevator-neutral configuration. The quantity

dp 1s thus the vertigal displacement of the central

hinge that would occur if the asctual taill load (elevator
deflected) were applied to thé tail with elevator neutral,
The structural hinge moment for the elevator-neutral con-

dition is assumed to be zero for.all velues of" dj. Beyond'_

the determinstion of dp - no further consideration need

be glven to the alr load. For asilwoplicity, the elevator
may be visualized as carrylhg no air load since only the
structursl hinge-moment increments due to hinge -axls
dlstortion are to be evaluated.

From the schematic revresentation of the deflected

elevator with distorted Hinge axis (fig. 1)}, the following

relatlionships can be determined:

Chordwise deflection of central hinge
relative to undeformed elevator, o—Sif (6 - )

. ._ T

Normal deflection of central binge g d (5 ‘ﬁ)
relative to undeformed elevator, COS =
S i Leerocepos L
.d sin (86 = #) -
cos & ... e
Normal forde, "’Eﬁd cos (0 T“qu" S
aras ~MS Bl COS"g' ‘_,:‘.‘:.,,

Chordwisefﬁoree; ‘Be

- r

The structural linge moment induced”as & resuit of the :
deflecblon of the central hinge is given by the sum of.
the individual moments “of the chordwise and normal-to- .

chord forces “about the axis through the inboard and outbaard
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hinges about which the control moment 1s assumed to act.

Thus,
H__E‘d sin (&5.- g) 4 cos (5 -.¢)
~ i cos g . cos g ..
. d#éos (6 ~ @) d sin (&6 - &)
"Rl cos & cos ¢
or

H o e 1 (_@_ 2. sin. 2(6. =.4) - (‘1)—
dO;(Ec - 2 \do cos #

In asccordance with the serodynamic sign convention, this

H

2
(E, - Bp)
tor angles and 13 Dositive for negative eleva%or angles.
Equation (1) expresses the structural hinge mpment
as a dimensionless..parameter that 1s & function.of the
nhysical prdperties,of the tall, the elevator angle,
and the distortion 5f the hinge line. 1In order to evalu-

ate the parameter . H . the angle ¢ “and’ the

d02 (Ec - -Jn) ) .o -
ratio d/d, must first be determined in terms of the

known stiffness factors and elevator angle. TFrom the
equilibrium condition in & direction parallel to the

parsmeter 'is negative for positive eleva-

stabilizer chord, @ 1s deterwined by . . Et

4 sin (& = ﬁ) cos &

Scd tan #'= E, " cos @ ~En

d cos (6:—n¢)sin‘5 

cos- g 7
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or . . . R . .., . - . .- e e . e e - - Lo -

E
i(.ﬁ - 1) qin 258
-1 2
<}—-— %) sin® &

From the condition of equilibrium im a direction normal
to the stabilizer chord, d4/dy 1s evaluated as follows;

S,(dg ~a) = Ec‘d sin (6 -4) sin -G'Enéo'd cos (6 -~4) cosb)
' - cos & _ cos ¢
or
S . . -
noioq _
d_ = En

g - —=
< > sin 5 - = sin 26 tan ;zf <n‘+ 1>

1"T.gure 2 presents a olot of the structural hinge-moment

. H
varameter — agqinst 4] for representative _
¢ :
(Ec - En) . T Ec'
value; of C/Fn and S, /Bg. The two values, _E; =15
and Eﬁi: lO, for which the curves of figurs 2 were. -

n
prepared were the apvroximate values measured for two

full-scale. fighter«type talls, In nreparing figure 2,
the ratioc of chordwlse "to HoTwmal §tiffrness for the
stabllizer was taken as equal to this ratic for the
5
elevator; that is, =2 = gi. These ratios were found experi-
E, .
n n
mentally to be avnroximately equal for 8 flghter tyve tail

S . -

S
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as is shown subsequently in the section entitled "Deter-
mination of Structural Stiffness Factors.”" Figure 2
shows that the effect of reducing E./En, 1s similar to
increasing Sg/Ec. The upper-limit curve of . S3,/E, iIn
figure 2 represents an infinitely rigid stabilizer having
an initial set dp, in which case the; structural hinge-
moment paremetér (equation (1)) :simplifies to

H

do®(E, - Bp)
a fixed value of dg (epprox. fixed tall load), the
structural hinge moments for tails having S,/E, values
from about 3 to 10 reach a maximum at elevator angles

in the range 20° to 30°. Values of B8p/E; 1in this range
are believed to be representative of current construction.
The effects of a change in the value of EB/E, from 10
to 15 are negligible at high values of Sy/E; but of
appreciable magnitude at the lower values of S;/E,.

1 : :
= z-sin 256. Flgure 2 also shows that, for

-Inasmuch as the dimensionless hinge-moment parameter
.-T H .

do°(Ee - Ep)
alinement  dy, the structural hinge moment H increases
as the square of ,the vertical misalinement for a given
elevator and elevator angle. 1In addltion, since dp 1is
approximately a linear function of the total tall 1lift
load, the structural hinge moment therefore varles approxi~
mately as the square of the tall 11ft load.

involves the squaré of the vertical mis-

, From equations (1), (2), and (3),.the difference
between chordwise and normeael. stiffness factors can be
shown to have a significant effect on the structural hinge
moment. :Because  the chordwise stiffness factors are
considerably larger than the normal stiffness feactors,

1t is evident that appreciable. reductions in structural”
hinge moment would result from reducing the chordwise
stiffness factors. This reduction might be accomplished
by mounting the central hinge bracket to permit a limited
degree of freedom in the chordwlse plane.

The enalysis as presented ean be adapted to stabilizer-
elevator, wing-aileron, and fin-rudder combinations having
three hinges located as shown.in figure 1. The results
may also be applied i1f the inboard hinge is located on
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the center’ line-of the airplane. and is s common hinge for
both tall surfaces. - Tf:.each of the two tall .surfaces
contalnsthres hinges and 1s attached to the. other by

& carry-over assembly through the center line of the
alrplané, the acgcuracy of the results obtained by this
analysls would dspend upon the flexibhility of- phe carry~
over assembly. The torgue-tube assembly in the carry-
over region usually has-only a small Praction of—the
chordwlse stiffness of the elevator, and therefore the
analysis is considered valld as a first approxlmation for
this type of installation.

DETERMIﬁATioN OF STRUCTURAL STIFFNESS FACTORS

The’ u&e “of the faregoing analysis to estimate the
structural, hinge-moment increments requires & knowledge
of the chordwise and normal-to-chord stiffness Tactors
of both the.stabillizer and the elevator. Thess factors
usually invelve not only the stiffness of the primary
structure and the skin but also, to & large extent, the
stiffnesss of attachment of the hinge brackets. It is -
obvious, tnerefore, ‘that these factors should be deter-
mined sxperiwmentelly. For elther the stabillizer or the
elevator the factors -may be easily:rdetermined by supporting
the surface at the end hinges and avplying loads at the
central hinge. in both the chorﬁsze and . normal=-to-chord
planss and bdby. measarlng the eorrpsoondinU deflections at
the central hinge. .

Tn addition to the stiffness‘factOfs, the analysis
requlrss a knowledge of the misallnement dg of the
central hinge with resbect to a straight line through the
inboard and cutboard hinges for ths elevator-neutral con-
dition, Thils valus cean be easily., determined from the
elastic deflectian curve of the tail surface. As pre-
viously discussed, the moments. Qf inertia used in the
calculations ehould correspond. to. the. elevator-neutral
setting, but the 1iff. loads used should be those for
the actual design configuratton beﬁng investigated

S=iffness fsectors heve béen measured for two typical
producsilon, fighter-type harlzontel tall surfaces. Tail 1,
shown. in fipq;e %2, hes a §O—percent ‘chord internd ly-'
balanoed elevator and. was. designed for a 12 OOO—Uound )
jet-nropelled,airplane."lail 2, flgure, u, bas a 28-peroent~
chord ‘elevetor with an exposed overhang tyne 01 aerod"namic

-

S
I
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balance and was desighed for a 2,,000-pound jet-propelled

airplane. The stiffness factors for the stabilizer of .
tall 2 were not obtsined. The following table shows the )
stiffness factors megsured for the two talls: S

Tall E, Se . Eni. Sp. .
T .6;500. 17,900| 580 1,735 =~ .
2 | 1,300 | r=m-e- 9507 | —---- '

The stiffness-factor ‘ratios for comparison with those
used in preparing figure 2 are: - -

‘11l | By/Eh | So/Sy [So/B¢ | Sn/En |
1 | 10.86 | 10.32° {'2.8L |- 2.99 L

2 1.15.05 | —eeeet | B | B o

-+ Bgstimated from comparison of measured
-structural hinge moments with analytioal N
results chown In figure 2.

The ratio c/Sn is closely equal ‘to Ec/En {(see pre- e
ceding table) as agssumed in ‘the preparation of figure 2.

!

COMPARTSON OF CALCULATED-AKD NEASURED

STRUCTURAL HINGE NOMENTS .. _ -

The . variation bf structural hinge mowent with
elevator -angle was measured for tail 1] (fi “3Ye The
stabilizer. semisnan was ‘'loaded stathaLly with 1200 pounds
varying.along, the Span’éas & linpar. Function -off the chord.
The elevator angles arid hinge 'moments. were-measured wiﬁh
the tall deflécted under this load.. The ‘déflection curve
of- the tail with 8levator neutral: was. aetermined at the:
hinge ast.; The chordwise and normal sb*ffness Tactors:
of the elevator and ‘stabilizer were determlned by mounting
the elevator and stabilizer individuslly 'on their end
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hinge brackets-and by applying e load at—the central _ .
hinge. - The measured stiffness fectors corresponded to

the condition of positive elevator deflections with = S
net down load oh the tail. S _ ¢

Ay use of ths measured stiffness factors for the
oosltive elevator anglses, structurel hinge moments were
calcu.ated from equations (1), (2), and (3).. . The calcu-
lated results are compared with the experimentelly deter-
mined structural hinge moments in figure 5. The agree-
ment for positive elevator angles is.considered satla-
factory. FoT hegative elevator angles, the apparent
discrenency of about 20 percent is taken to indicate
that the stlffness factors for positive deflections which
were used in the calculatlons &irffered apprsciably from
those for negative deflections. - Unfortunately tuls
resull was not dilscovered in time to permit measure-
ment of the stiffness-fsesectors for negatlve elevabtor
angles. The trend of .the experimental curve for négative
angles agrees well with tha culculated curve in spite of
the 20-percent dlscrepancy in the valuss of the' calcu-
lated hinge moment+—

The pealk value of the structural hinge moment was
about 25 inch-pounds for the test tall semispan loed of
1200 vounds. TFor the design semispan load of 3300 pounds,
the structurel hinge moment would be approximately

agQQ _ T
2 32900 or 26l inch-pounds. : ' : SR
7 1200) 26k e | ) ;

COMPARTSON ‘OF STRUGTURAL' HINGE-KOMENT
INGREMENTS WITH AERODYNANIC HINGE MOMENTS

In order to compare the wagritude of the structural _ B
hinge-moment increments with values of the serodynamic o
hinge moments, structural hinge-moment increments for
tall 2 (fig. L) were reduced to hinge-moment /¢éefficient
form for a representative indiceted airspeed -of 310 miles
‘per hcur. Aerodynamic data for the tail surface obtained
frouw tests in the Langley 16-foot high-speed tunnel were o
nsed to compute the loads and the corresponding hinge- | S
line -deflections for a rsnge of angles of attack - Y '

1l -
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end elevator angles. Figure 6 presents the wind-tunnel
ingesmoment data for the tail and, for comparison, the
corrected aerodynamic date (wind-tunnel hinge-moment
data minus structural hinge-moment increments). Since
for a given tall and elevator engle the magnitude of the
structural hinge moment is dependent only on the load on
the tail, lines of constant load have been supérimposed
on the hinge-moment-coefficlent curves of figure 6 to
show the effect of load on the structural hinge-moment
increments. The design load of the semispan tall tested
was about 8500 pounds. The structursl hinge-moment incre-
ments are an appreciable part of the total measured hinge
moment at large taill loeds and at high elevator deflec-
tions. The effect of the increments is fto increase the
control forces regquired to producs a glven elsvator
deflection. - )

CONCLUSIONS

An investigation of elevators having three hinges
has been masde to evaluste ths structurel hinge-moment
Increments resulting from changing the elevator angle
wvhen the hinge axis 1s distorted under load and indi-
cates the following concluslons:

1. The structural hinge-wowent increments can be-
calculated from ths analysis presented in thls repurt
provided the followlng structursal charscteristics ars
known;s T

(a) The normel-to-chord and chordwlse stiff-
ness factors of elevator and stabilizer measured sat’
the central hinge with respect to the end hinges

- (b) The elastic deflection curve of the tail
surface wlith elevator neutral for the 1ift losd

condition belng investlgatsd i _ B

2. For a glven misalinement of the hinges the
structural hinge-mowent increments increase indefinltely
es the elevator chordwlise stiffness factor 1s increased.
Appreciable reductions in the structural hinge-moment
increment can be effected by reducing the chordwise
stiffness factor.
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%. The structural hinge~moment increment for a fixed

elevator angle varies approximately sas the square of the
1ift load on the tsil, Tor a fixed tail load condition,-
the structural hinge-moment increments increase with '

inoreasing elevator angle until a meximum value ls reached'

at” elevator engles 1n the range of 200 to 30°,

k., The structural hinge-moment lncrements for a :
full-scale fighter-type horizontal tall surface tested -
in'the Langley 16-foot high-speed tunnel appreciably
Increased the control forces requlred to produce s
given elevator deflection at large tall loads and high
elevator angles. _

bt -

Langley Memorial feronautical Laboratory
National Advisory Committee far Asronautics
Langley Fleld, Va., December 13, 1945
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